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Abstract
Retroviruses consist of a varied family of enveloped RNA viruses with positive-sense
RNAs that replicate in a host cell through the process of reverse transcription. Retrovirus‐
es belong to the Retroviridae family that typically carries their genetic material in the
form of ribonucleic acid, while the genetic material of their hosts is in the form of deoxy‐
ribonucleic acid. Infections with a number of retroviruses can lead to serious conditions,
such as AIDS, a range of malignancies, neurological diseases, and added clinical condi‐
tions. In addition, some can even become integrated as DNA in the germ line and passed
as endogenous viruses from generation to generation. Surprisingly, retroviruses do not
appear to straightforwardly activate host innate defenses. On the other hand, attention in
these viruses extends beyond their disease causing capabilities. For example, studies on
the retroviruses led to the discovery of oncogenes, understanding of mechanisms that
regulate eukaryotic gene expression, and these are proving to be valuable research tools
in molecular biology and have been used successfully in gene therapy. The central goals
of retrovirology today are the treatment and the prevention of human and non-human
diseases and to use this virus in research.
Keywords: retrovirus, Retroviridae, reverse transcriptase, replication, immune responses,
ART
1. Introduction
During the past few decades retrovirus has done an adequate amount of harm to the human
life and became a big threat globally. These are the group of viruses that belong to the family
Retroviridae and that typically carry their genetic material in the form of ribonucleic acid
(RNA), while the genetic material of their hosts is in the form of deoxyribonucleic acid (DNA).
Retroviruses are named for an enzyme known as reverse transcriptase (RT), which was
discovered independently in 1971 by American virologists Howard Temin and David
Baltimore for which they have received Nobel Prize in physiology and medicine in the year
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1975. Retroviridae is a family of enveloped, obligate parasites with single-stranded positive-
sense RNA (ssRNA) that replicate in a host cell through the process of reverse transcription.
The activity of RT makes it feasible for genetic material from a retrovirus to become perma‐
nently integrated into the DNA genome (provirus) of an infected cell.
Figure 1. Classification of Retroviridae family of viruses.
Retroviridae is subdivided into Orthoretrovirinae and Spumaretrovirinae (Figure 1). Under
Orthoretrovirinae the various genus are Alpharetrovirus (Rous sarcoma virus, avian sarcoma
leukosis virus), Betaretrovirus (Mouse mammary tumor virus, Jaagsiekte sheep retrovirus),
Gammaretrovirus (murine leukemia virus, Abelson murine leukemia virus, Friend virus, koala
retrovirus, xenotropic murine leukemia-related virus), Deltaretrovirus (Human T-lymphotrop‐
ic virus (HTLV) types 1–4, simian T-lymphotropic virus types 1–4, Bovine leukemia virus),
Epsilonretrovirus (Walleye epidermal hyperplasia virus), and Lentivirus (human immunodefi‐
ciency virus (HIV), simian immunodeficiency viruses (SIV), feline immunodeficiency virus,
puma lentiviruses, bovine immunodeficiency virus, caprine arthritis encephalitis virus, visna
virus) are present, whereas under Spumaretrovirinae only one genus is present spumavirus
(simian foamy virus, human foamy virus) [1]. The retroviruses host range include human,
murine, feline (cat), avian (birds), and bovine (pig), and it is dependent upon the viral envelope,
glycoproteins and structural proteins, involved in integration. Infections with a number of
retroviruses can lead to serious conditions, such as AIDS, a range of malignancies, neurological
diseases, and added clinical conditions [2]. In addition, some retroviruses can even become
integrated as DNA in the germ line and passed as endogenous viruses from generation to
generation. Using retrovirus in research has built up the need to advance the investigation in
detail regarding the viral particles and genomes, their modes of replication, integration, and
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host immune evasion. The basic replication of retroviruses includes that (Figure 2) the ssRNA
become double-stranded DNA (dsDNA) and gets into the host genetic material and employs
host machinery for the synthesis of new virions.
Figure 2. The reverse of Cricks’ central dogma that occurs in retroviruses. RNA genome is converted by reverse tran‐
scriptase into double-stranded DNA, followed by integration into the host genome, transcription and translation of vi‐
ral proteins occurs along with the host.
Interesting Points about Retroviruses 
 Retroviruses contain RNA as genetic material but have DNA-dependent steps in 
their replication. 
 Replicates via reverse transcription because of the presence of reverse transcriptase 
enzyme. 
 Integrase transfers the viral DNA into the cell nucleus and viral dsDNA is 
covalently and randomly integrated into the cell’s genome. 
 Retroviruses that can transform host cells at high rates contain gene sequences such 
as viral oncogenes and proto-oncogenes. 
 Human retroviruses can cause immune deficiencies, cancer, and neurological 
diseases. 
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2. Retrovirus structure, genome, and proteins
The typical retrovirus structure is enveloped, spherical to pleomorphic in shape, and they have
diameter of 80–100 nm. The different genuses of retrovirus virions (Figure 3) have diverse
morphology, but they have their same virion component, which includes the outer envelope
coat, two copies of the genetic material, and the viral proteins. Envelope consists of lipids that
are obtained from the host plasma membrane during budding process and the glycoprotein
such as gp120 and gp41 in case of HIV [3]. The retroviral envelope serves three separate
functions that includes the outer lipid bilayer protects from the extracellular environment, it
also aids in the entry and way out of host cells through endosomal membrane trafficking, and
the facility to straightforwardly enter cells by fusing with their membranes.
Figure 3. Schematic cross section through a retroviral particle: Showing retrovirus components.
The genome of retrovirus is monopartite, linear, dimeric, ssRNA (+) of about 8–10 kb, with a
5’-cap and a 3’poly-A tail (Figure 4). The group-specific gene (gag), pol, pro, envelope (env)
genes are flanked between the R regions. The 5’-long terminal repeats (LTRs) consist of U3
(unique sequence), R primer binding site (PBS), and U5 regions. The 3’ end consists of a
polypurine tract (PPT), U3, and R regions. The R region is a short repeated sequence at each
end of the genome used during the reverse transcription to ensure correct end-to-end transfer
in the growing chain. U5, on the other hand, is a short exceptional arrangement in the middle
of R and PBS [4]. PBS consists of 18 bases corresponding to 3’ end of tRNA primer. L region is
an untranslated leader region that gives the sign for packaging of the genome RNA. The
retroviral protein includes gag, protease, pol, and env proteins. Gag is the primary retroviral
structural protein responsible for orchestrating the majority of steps in viral assembly. Most
of these assembly steps occur through interactions with three gag subdomains—matrix (MA),
capsid (CA), and nucleocapsid (NC). The gag subdomains are structurally discrete but have
functionally overlapping roles in the viral assembly process [5, 6].
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Figure 4. Retrovirus structure and genome: The three significant protein coding genes include group-specific gene
(gag), pol, envelope (env) genes, which are flanked between the R regions and codes for capsid, reverse transcriptase,
integrase, protease, and envelope proteins, respectively. Retroviruses are characterized by the 5′ and 3′ long terminal
repeat (LTR) sequences, which are thought to control and gene expression. The LTRs each contain two unique non-
protein-coding sequences, called U5 at the 5′ end and U3 at the 3′ end, which encodes controlling elements. PBS con‐
sists of 18 bases corresponding to 3' end of tRNA primer. The R region is a short repeated sequence at each end of the
genome used during the reverse transcription to ensure correct end-to-end transfer in the growing chain.
3. Genetic variations and retroviruses
Retroviruses, similar to all RNA viruses, show a high mutation rate. The real component for
creating genetic variation within retroviral populations is because of the polymerization error
during DNA synthesis by RT, which does not have a proofreading activity [7]. The reason for
this high genetic variation is because of viral mutation rate, recombination rate, rate of
replication, size of the viral population, and selective forces [8, 9]. Genetic variation has been
documented extensively in populations of HIV type 1. This genetic adaptability has significant
consequences for the evolution of HIV-1 and other retroviruses and their impact on human
health [8]. Because of the genetic variations, retroviruses are expanding its host range; for
example, HIV-1 can switch from using the CCR5 co-receptor to using the CXCR4 co-receptor
[10]. This difference in retroviral populations provides a mechanism for retroviruses to escape
host immune responses and expand resistance to all known antiretroviral drugs [7, 11].
4. Replication of retroviruses
Replication is a multistep process; each step is crucial for the virus entry and multiplies itself
in the host cell. The study of retroviruses particle assembly, budding, and release has been
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especially rich in terms of the exchange of concepts and techniques with related areas of cell
biology [12]. There are seven steps in the replication cycle of the retrovirus (Figure 5). The
initial step is attachment, in which the retrovirus utilizes one of its glycoproteins to attach to
one or more particular cell-surface receptors on the host cell. Some retroviruses likewise utilize
an optional receptor, referred to as the co-receptor. The second and third steps are penetration
and uncoating, individually. Retroviruses infiltrate the host cell by direct fusion of the virion
envelope with the plasma membrane of the host. The fourth step is replication, which happens
after the retrovirus undergoes partial uncoating thereby releasing its genome and three
essential enzymes (RT, integrase, and pol gene coding enzymes). At this stage, the RNA
genome is converted by RT into double-stranded DNA, followed by integration into the host
genome, transcription and translation of viral proteins along with the host. The fifth step is
assembly, in which retrovirus capsids are assembled in an immature form. The sixth step is
budding, in which the immature viral particle acquires the host plasma membrane, and the
final step is maturation and release, in which the gag and pol proteins of the retrovirus are
cleaved by the retroviral protease, thus forming the mature and infectious form of the virus
[13]. The retrovirus replication is well studied in case of HIV virus. HIV replicates million of
time per day, destroying the host immune cells and eventually causing disease progression.
During HIV replication the virus recognizes host cell such as CD4+ T- lymphocyte. Entry of
HIV into the cells requires certain substances on the cell surface such as CD4 receptor and co-
receptors such as CCR5 and CXCR4 [14]. These receptors interact with protein complexes that
are embedded in the viral envelope. The viral proteins consist of extracellular gp120 and trans-
membrane gp41 proteins. When HIV approaches the target cell, the gp120 binds with the cell
surface receptor, this process is termed as attachment. Following co-receptor binding results
in a conformational change in gp120, this allows gp41 to unfold and extend its hydrophobic
terminal into the cell membrane. gp41 then folds back on itself, this causes the virus to move
close toward the cell and facilitates the fusion of their membranes. The viral nucleocapsid then
enters the cell and releasing two viral RNA strands and three essential replication enzymes;
integrase, protease, and RT. HIV RT is a heterodimer composed of two subunits (p66 and p51).
At first, RT begins the reverse transcription of viral RNA; it consists of two catalytic domains
—ribonuclease H active site and polymerase active site. In the polymerase active site, single-
stranded viral RNA is transcribed into an RNA-DNA double helix. These RNA-DNA hybrids
are cleaved into individual stands by ribonuclease H. The polymerase then completes the
remaining strand into DNA double helix (dsDNA). After the formation of dsDNA, integrase
moves into action, it cleaves each dinucleotide from 3’ end of the DNA creating two sticky
ends. Integrase then transfers the viral DNA into the cell nucleus and viral dsDNA is covalently
and randomly integrated into the cell’s genome [15]. The host cell genome now contains the
genetic information of HIV virus. Activation of the host cell induces the transcription of
proviral DNA by Pol II produces viral spliced and unspliced messenger RNAs. This messenger
RNA now migrates into the cytoplasm, where building blocks for a new virus were synthe‐
sized. Some of the building blocks have to be processed by the viral protease where longer
proteins are cleaved into small core proteins. The processing of viral proteins is crucial to create
an infectious virus. Translation of unspliced viral RNAs produces env, gag, and gag-pol
polyproteins. The two viral RNA strands with three enzymes come together and core proteins
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assemble around them forming a capsid, which is an immature virus particle. Capsid leaves
the host cell by acquiring new envelope of host and viral proteins (mature virus) such as gp120
and gp41; this process is known as budding. Recent reports suggest that during this process
of budding, clathrin is recruited into the HIV particle with high specificity [16]. These matured
virus become ready to infect the other cells [15]. A critical aspect of viral replication is the
assembly of virus particles, which are subsequently released as progeny virus. While a great
deal of attention has been focused on better understanding this phase of the viral lifecycle,
many aspects of the molecular details remain poorly understood.
Figure 5. Replication of retroviruses: There are seven steps in the replication cycle of the retrovirus. The initial step is
attachment, in which the retrovirus utilizes one of its glycoproteins to attach to one or more particular cell-surface re‐
ceptors on the host cell. Some retroviruses likewise utilize an optional receptor, referred to as the co-receptor. The sec‐
ond step is penetration and uncoating, individually. Retroviruses infiltrate the host cell by direct fusion of the virion
envelope with the plasma membrane of the host. The third step is replication, which happens after the retrovirus un‐
dergoes partial uncoating thereby releasing its genome and three essential enzymes. At this stage, the RNA genome is
converted by reverse transcriptase into double-stranded DNA (dsDNA). The fourth step is integration, in which retro‐
virus dsDNA integrates into the host genome followed by transcription and translation of the viral proteins occurs.
The fifth step includes proteolytic processing of viral proteins. The sixth step includes assembly of viral proteins and
RNA. The seventh step is budding, in which the immature viral particle acquires the host plasma membrane and final
step is maturation and release, in which the gag and pol proteins of the retrovirus are cleaved by the retroviral pro‐
tease, thus forming the mature and infectious form of the virus.
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A provirus can be transmitted through the germ line from parents to offspring as an endoge‐
nous retrovirus [17, 18]. Human endogenous retroviruses (HERVs) account for about 8% of
the human genome [19]. Exogenous retroviruses seem to have arisen from endogenous
retrotransposons by acquisition of a cellular envelope gene [20]. The existence of HERVs has
been identified for many years, but their abundance in the genome was not predicted by earlier
studies [21]. Retroviral genome gets into human genome and by de novo insertion followed
by activation of downstream proto-oncogenes, or by gene disruption [22]. Retrovirus integra‐
tion does not occur in resting (Go phase) cells yet rather requires that cells be in the S phase
(DNA synthesis) of their mitotic cycle. Since the mitotic phase is induced by a binary recog‐
nition event, integration and virus reproduction perhaps require that the invaded target T-cell
interact with the appropriate B-cell-processed antigen complex. Once the viral cDNA integra‐
tes, transcription to mRNA proceeds at some rate that depends on the details of the infecting
virus and the invaded cell [23]. It is also reported that enhancer and promoter elements in
retroviral LTRs can influence the transcription of next genes that can result in transcriptional
activation or gene silencing and which may result in abnormal expression of tissue-specific
proteins [24]. The human genome contains many endogenous retroviral sequences, and these
have been suggested to play important roles in a number of physiological and pathological
processes. Researchers also found that ERVs also take part in the body’s immune defense
against regular bacterial and viral pathogens. HERVs are classified into three broad classes (I,
II, III). Analysis of the draft human genome has so far found only three HERV proviruses with
complete open reading frames for gag, pol, and env, which are considered as essential viral
genes, and at least one of these HERVs is mutated at a critical residue in the reverse transcrip‐
tase domain of pol [25]. HERVs have frequently been reported as etiological cofactors in
chronic diseases such as cancer, autoimmunity, and neurological disease.
5. Mode of transmission
Most of the retroviruses transmission occurs through cell to cell, mother to fetus transmission,
and through biological fluids. Cell-to-cell transmission of retroviruses is much more efficient
as compared with cell-free conditions, and as retroviruses reach through the tight cell-cell
interface, they are out of reach of the immune system [26]. Retrovirus employs various
mechanisms of immune evasion, however, and can destroy the immune system or subvert it
to enable successful transmission [27].
6. Immune system and retroviruses
The human immune system needs to manage with various pathogens, ranging from RNA
viruses to 30-foot-long tapeworms [28]. Although we have gained much understanding of
innate immune recognition of many microbial pathogens, currently we have very little
knowledge about innate immune responses against retroviral infections [29]. The immune
system retroviruses (ISRV) are defined as a retrovirus (HIV) whose target is T4-positive T-
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helper cells of the immune system that requires stimulation by antigens to reproduce. T-cells
are part of the response mechanism that defends the body against attacking agents and are
stimulated to reproduce by such agents [23]. Antiviral responses are characteristically marked
by stimulation of type I interferon through various mechanisms that recognize viral nucleic
acids. These responses restrain the viral replication by various mechanisms and activate the
adaptive immune responses with the help of antigen presenting cells and also aids in devel‐
oping memory and viral clearance. But, quite number of reports suggests that viruses also have
developed a variety of means for circumventing innate immune responses, ensuring their
survival and transmission. Surprisingly retroviruses do not appear to straightforwardly
activate host innate defenses. It was observed that generalized immune activation and
increased amount of cytokines and immunoglobulins along with the progressive loss of CD4+
T-cells was reported during HIV-1 infection [30].
Generally, viral infection triggers innate immune sensors to produce type I interferon.
However, this is not the case with retroviruses; the reason is still not known. The recent reports
suggest various molecules it includes: TREX1, which is a cytosolic exonuclease that degrades
DNA [31] derived from HIV or endogenous retroelements, thereby preventing the accumula‐
tion of cytosolic DNA, which would otherwise trigger innate immunity. In a study on Trex1(-/-)
mouse cells and human CD4(+) T-cells and macrophages in which TREX1 was inhibited by
RNA-mediated interference, cytosolic HIV-DNA accumulated and HIV infection induced type
I interferon that inhibited HIV replication and spreading [32]. The recent study on innate
immune sensors during retroviral infection has identified the enzyme cyclic guanosine
monophosphate–adenosine monophosphate (cGAMP) synthase (cGAS) which triggers the
cytosolic DNA and activates the production of type I interferons and other cytokines. The
mechanism in which these sensors act by includes firstly viral DNA binds and activates cGAS,
which catalyzes the synthesis of a cGAMP isomer from adenosine triphosphate (ATP) and
guanosine triphosphate (GTP). This cGAMP isomer that is termed has 2′3′-cGAMP contains
both 2′-5′ and 3′-5′ phosphodiester linkages. cGAMP then binds and activates the endoplasmic
reticulum protein stimulator of IFN genes (STING) and functions as a second messenger.
STING activates the NF- κB, interferon regulatory factor 3 (IRF3) to induce interferons and
other cytokines through the activation of protein kinases IκB kinase (IKK) and TANK-binding
kinase 1 (TBK1) [32–35]. In our view, there is currently insufficient understanding about how
the retroviral infection, in general, is sensed by the innate immune system. If the innate immune
part is traced, that will aid in understanding the activation of adaptive immunity and devel‐
opment of antiviral against retroviruses.
7. Antiretroviral therapy
There are about 34 million HIV-1–infected people in the world [36], and this number plainly
says that there is an urgent unmet need for investigation of antiretroviral therapy (ART), and
management of this worldwide risk is highly desired [37]. ART is treatment of people infected
with the retroviruses using anti-retroviral drugs. The goal of antiretroviral therapy is to reduce
the amount of virus in infected individual body (viral load) to a level that can no longer be
Molecular Biology and Pathogenesis of Retroviruses
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detected with ongoing treatment blood test. Considerable advances in ART have been made
since the introduction of zidovudine (3'-azido-3'-deoxythymidine—AZT) in 1987 [38]. The
regular treatment consists of a grouping of at least three drugs called as highly active antire‐
troviral therapy (HAART) that hold back the viral replication within the host cell and thereby
reduces the viral load.
Six classes of antiretroviral agents (Table 1) currently exist (specifically towards HIV); they
include the following:
1. Nucleoside reverse transcriptase inhibitors (NRTIs) such as abacavir, emtricitabine, and
tenofovir [39] takes action by interfering with the HIV replication cycle through compet‐
itive inhibition of reverse transcriptase enzyme a key enzyme in replication and thereby
terminates the DNA formation. These can also terminate the DNA formation by incorpo‐
rating into the proviral DNA; the reason is that NRTIs are structurally similar to the DNA
nucleoside bases.
2. Non-nucleoside reverse transcriptase inhibitors (NNRTIs) includes niverapine, efavirenz,
and etravirine, which acts by non-competitive binding of NNRTIs at the hydrophobic
pocket of p66 subunit of the enzyme results in a conformational change and alters the
active site and limits RT activity. The limitation of these drugs is that it has a low genetic
barrier, i.e., a single mutation in RT genome induces a high-level of phenotypic resistance
and prevents its use [40–42].
3. Protease inhibitors (PIs) include indinavir, atazanavir, darunavir, and tipranavir. This
retrovirus protease is a 99-amino-acid, aspartic acid protein, which plays an important
role in the maturation of virus particles late in the viral life cycle. During or immediately
after viral budding from an infected cell, proteases systematically cleaves individual
proteins from the gag and gag-pol polypeptide precursors into functional subunits for
viral capsid formation. Protease inhibitors act as competitive inhibitors that directly bind
to protease and put off the subsequent cleavage of polypeptides. It has recently been
suggested that PIs can directly inhibit lymphocyte apoptosis and this effect may contribute
to an immunologic benefit independently of an antiviral effect [43–45].
4. Integrase inhibitors (INSTIs) such as dolutegravir and raltegravir are used in combination
with a protease inhibitor and target the strand transfer step of retroviral DNA integration.
These are approved by FDA in 2007. Integration is essential for viral replication and is
thus an attractive target for novel chemotherapy [46]. The integrase enzyme is responsible
for transfer of virus-encoded DNA to the host cell chromosome, a necessary event in
retrovirus replication [15] INSTIs active against a wide range, including both CCR5 co-
receptor and CXCR4 coreceptor–using strains [47].
5. Fusion inhibitors (FIs) include enfuvirtide—act extracellularly to prevent the fusion. It is
a peptide based on the gp41 sequence that specifically prevents membrane fusion by
competitively binds to gp41 and preventing the conformational change of gp41 required
to complete the final step in the fusion process [48].
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6. Chemokine receptor antagonist. This small molecule such as maraviroc [49] selectively
and reversibly binds the CCR5 coreceptor, blocking the V3 loop interaction and inhibiting
fusion of the cellular membranes. Using these inhibitors individually or in combination
the virus replication process is slowed and the retroviruses find it more difficult to
overcome this combined attack. ART has the potential both to reduce mortality and
morbidity rates among infected people, and to improve their quality of life [50].
Antiretroviral agents Examples Mode of action
1.
Nucleoside reverse transcriptase
inhibitors (NRTIs) Abacavir, Emtricitabine
Competitive inhibition of reverse
transcriptase enzyme a key enzyme in
replication and there by terminates the
DNA formation.
2.
Non-nucleoside reverse
transcriptase inhibitors (NNRTIs)
Niverapine, Efavirenz,
Etravirine
Non-competitive binding of NNRTIs at
the hydrophobic pocket of p66 subunit of
the reverse transcriptase enzyme results
in a conformational change and alters the
active site and limits enzyme activity.
3.
Protease inhibitors (PIs) Indinavir, Atazanavir,Darunavir, Tipranavir
Act as competitive inhibitors that directly
bind to protease and put off the
subsequent cleavage of polypeptides
which is an important step in viral
maturation.
4. Integrase inhibitors (INSTIs) Dolutegravir, Raltegravir Target the strand transfer step ofretroviral DNA integration.
5.
Fusion inhibitors (FIs) Enfuvirtide
Specifically prevents membrane fusion by
competitively binding to gp41 and
preventing the conformational change of
gp41 required to complete the final step in
the fusion process.
6.
Chemokine receptor antagonist Maraviroc
It binds selectively and reversibly binds
the CCR5 coreceptor, blocking the V3 loop
interaction and inhibiting fusion of the
cellular membranes.
Table 1. Classes of antiretroviral agents and their mode of action
8. Conclusions
The central goals of retrovirology nowadays are the treatment and the prevention of human
and non-human diseases and to use this virus in research. Recent studies have shown that
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retroviruses can be used in a number of ways such as model for biological research, for
understanding of genes, molecular and cell biology studies. On the other hand, attention in
these viruses extends beyond their disease causing capabilities, discovery of oncogenes,
understanding of mechanisms that regulate eukaryotic gene expression was possible because
of the study on retroviruses. The complete understanding of retrovirus could help the
researchers and clinicians to use them in various fields of biology and medicine for the
development of new methodologies and techniques. Ongoing investigation on application of
retroviruses in gene therapy and anti-cancer agents makes these type a widely studying group.
The way retroviruses enter and target the specific cells and integrate itself into the host genome
was very fascinating to the scientists globally, and these can be used as models to develop new
vectors that could be employed in research. Collaborative international project needs to be
taken up to understand the complete life cycle of retroviruses. The reason is that this not only
aids in developing antiviral, but also gives us idea where gained knowledge could be applied
in other fields such as engineering and material sciences and to develop new technologies.
Acknowledgements
Authors are grateful to the Director, CCMB and Council of Scientific and Industrial Research
(CSIR-CCMB), India, for the encouragement and support for this work. SK Saxena is also
supported by US National Institute of Health Grants: R37DA025576 and R01MH085259.
Author details
Shailendra K. Saxena* and Sai V. Chitti
*Address all correspondence to: shailen@ccmb.res.in; shailen1@gmail.com
CSIR–Centre for Cellular and Molecular Biology (CCMB), Hyderabad, India
References
[1] Zhang W, Cao S, Martin JL, Mueller JD, Mansky LM. Morphology and ultrastructure
of retrovirus particles. AIMS Biophys. 2015; 2(3): 343-369.
[2] Varmus H. Retroviruses. Science. 1988; 240(4858): 1427-1435.
[3] Wyatt R, Sodroski J. The HIV-1 envelope glycoproteins: Fusogens, antigens, and im‐
munogens. Science. 1998; 280(5371): 1884-1888.
[4] Coffin JM. Structure and classification of retroviruses. In: Levy, JA. The Retroviridae 1
(1st ed.). New York: Plenum; 1992. p. 20. ISBN 0-306-44074-1.
Advances in Molecular Retrovirology14
[5] Rabson AB, Graves BJ. Synthesis and processing of viral RNA. In: Coffin JM, Hughes
SH, Varmus HE, editors. Retroviruses. Cold Spring Harbor (NY): Cold Spring Har‐
bor Laboratory Press; 1997.
[6] Bharat TA, Davey NE, Ulbrich P, Riches JD, de Marco A, Rumlova M, Sachse C,Ruml
T, Briggs JA. Structure of the immature retroviral capsid at 8 Å resolution by cryo-
electron microscopy. Nature. 2012; 487(7407): 385-389.
[7] Freed EO. HIV-1 assembly, release and maturation. Nat Rev Microbiol. 2015; 13(8):
484-496.
[8] Svarovskaia ES, Cheslock SR, Zhang WH, Hu WS, Pathak VK. Retroviral mutation
rates and reverse transcriptase fidelity. Front Biosci. 2003; 8: 117-134.
[9] Mansky LM, Temin HM. Lower in vivo mutation rate of human immunodeficiency
virus type 1 than that predicted from the fidelity of purified reverse transcriptase. J
Virol. 1995; 69(8): 5087-5094.
[10] Anderson JA, Teufel RJ 2nd, Yin PD, Hu WS. Correlated template-switching events
during minus-strand DNA synthesis: A mechanism for high negative interference
during retroviral recombination. J Virol. 1998; 72(2): 1186-1194.
[11] Connor RI, Sheridan KE, Ceradini D, Choe S, Landau NR. Change in coreceptor use
correlates with disease progression in HIV-1–infected individuals. J Exp Med. 1997;
185(4): 621-628.
[12] Jekle A, Schramm B, Jayakumar P, Trautner V, Schols D, De Clercq E, Mills J, Crowe
SM, Goldsmith MA. Coreceptor phenotype of natural human immunodeficiency vi‐
rus with nef deleted evolves in vivo, leading to increased virulence. J Virol. 2002;
76(14): 6966-6973.
[13] Bieniasz PD. The cell biology of HIV-1 virion genesis. Cell Host Microbe. 2009; 5(6):
550-558.
[14] Pedersen FS, Pyrz M, Duch, M. Retroviral replication. In: eLS. 2011.
[15] Saxena SK, Gupta A, Bhagyashree K, Saxena R, Arora N, Banerjee AK, Tripathi AK,
Chandrasekar MJ, Gandhi N, Nair MP. Targeting strategies for human immunodefi‐
ciency virus: A combinatorial approach. Mini Rev Med Chem. 2012; 12(3): 236-254.
[16] Pommier Y, Johnson AA, Marchand C. Integrase inhibitors to treat HIV/AIDS. Nat
Rev Drug Discov. 2005; 4(3): 236-248.
[17] Zhang F, Zang T, Wilson SJ, Johnson MC, Bieniasz PD. Clathrin facilitates the mor‐
phogenesis of retrovirus particles. PLoS Pathog. 2011; 7(6).
[18] Temin HM. Reverse transcription in the eukaryotic genome: Retroviruses, pararetro‐
viruses, retrotransposons, and retrotranscripts. Mol Biol Evol. 1985; 2(6): 455-468.
Molecular Biology and Pathogenesis of Retroviruses
http://dx.doi.org/10.5772/62885
15
[19] Black SG, Arnaud F, Palmarini M, Spencer TE. Endogenous retroviruses in tropho‐
blast differentiation and placental development. Am J Reprod Immunol. 2010; 64(4):
255-264.
[20] Gim JA, Han K, Kim HS. Identification and expression analysis of human endoge‐
nous retrovirus Y (HERV-Y) in various human tissues. Arch Virol. 2015; 160(9):
2161-2168.
[21] Malik HS, Henikoff S, Eickbush TH. Poised for contagion: evolutionary origins of the
infectious abilities of invertebrate retroviruses. Genome Res. 2000; 10(9): 1307-1318.
[22] Boeke JD, Stoye JP. Retrotransposons, endogenous retroviruses, and the evolution of
retroelements. In: Coffin JM, Hughes SH, Varmus HE, editors. Retroviruses. Cold
Spring Harbor (NY): Cold Spring Harbor Laboratory Press: 1997, pp. 343-435.
[23] Löwer R. The pathogenic potential of endogenous retroviruses: Facts and fantasies.
Trends Microbiol. 1999; 7(9): 350-356.
[24] Cooper LN. Theory of an immune system retrovirus. Proc Natl Acad Sci U S A. 1986;
83(23): 9159-9163.
[25] Griffiths DJ. Endogenous retroviruses in the human genome sequence. Genome Biol.
2001; 2(6).
[26] Mayer J, Sauter M, Rácz A, Scherer D, Mueller-Lantzsch N, Meese E. An almost-in‐
tact human endogenous retrovirus K on human chromosome 7. Nat Genet. 1999;
21(3): 257-258.
[27] Jin J, Sherer NM, Heidecker G, Derse D, Mothes W. Assembly of the murine leuke‐
mia virus is directed towards sites of cell-cell contact. PLoS Biol. 2009; 7(7).
[28] Kane M, Case LK, Kopaskie K, Kozlova A, MacDearmid C, Chervonsky AV, Golov‐
kina T. Successful transmission of a retrovirus depends on the commensal microbio‐
ta. Science. 2011; 334(6053): 245-249.
[29] Medzhitov R, Littman D. HIV immunology needs a new direction. Nature. 2008;
455(7213): 591.
[30] Gao D, Wu J, Wu YT, Du F, Aroh C, Yan N, Sun L, Chen ZJ. Cyclic GMP-AMP syn‐
thase is an innate immune sensor of HIV and other retroviruses. Science. 2013;
341(6148): 903-906.
[31] Manel N, Littman DR. Hiding in plain sight: How HIV evades innate immune re‐
sponses. Cell. 2011; 147(2): 271-274.
[32] Stetson DB, Ko JS, Heidmann T, Medzhitov R. Trex1 prevents cell-intrinsic initiation
of autoimmunity. Cell. 2008; 134(4): 587-598.
Advances in Molecular Retrovirology16
[33] Yan N, Regalado-Magdos AD, Stiggelbout B, Lee-Kirsch MA, Lieberman J. The cyto‐
solic exonuclease TREX1 inhibits the innate immune response to human immunode‐
ficiency virus type 1. Nat Immunol. 2010; 11(11): 1005-1013.
[34] Sun L, Wu J, Du F, Chen X, Chen ZJ. Cyclic GMP-AMP synthase is a cytosolic DNA
sensor that activates the type I interferon pathway. Science. 2013; 339(6121): 786-7891.
[35] Wu J, Sun L, Chen X, Du F, Shi H, Chen C, Chen ZJ. Cyclic GMP-AMP is an endoge‐
nous second messenger in innate immune signaling by cytosolic DNA. Science. 2013;
339(6121): 826-830.
[36] Tanaka Y, Chen ZJ. STING specifies IRF3 phosphorylation by TBK1 in the cytosolic
DNA signaling pathway. Sci Signal. 2012; 5(214).
[37] Saxena SK, Tiwari S, Nair MP. A global perspective on HIV/AIDS. Science. 2012;
337(6096): 798.
[38] Singh G, Pai RS, Mustafa S. Nanostructured delivery systems: Augmenting the deliv‐
ery of antiretroviral drugs for better management of HIV/AIDS. Crit Rev Ther Drug
Carrier Syst. 2015; 32(6): 503-533.
[39] Cox SW, Apéria K, Albert J, Wahren B. Comparison of the sensitivities of primary
isolates of HIV type 2 and HIV type 1 to antiviral drugs and drug combinations.
AIDS Res Hum Retroviruses. 1994; 10(12): 1725-1729.
[40] Spano JP, Poizot-Martin I, Costagliola D, Boué F, Rosmorduc O, Lavolé A, Choquet
S, Heudel PE, Leblond V, Gabarre J, Valantin MA, Solas C, Guihot A, Carcelain G,
Autran B, Katlama C, Quéro L. Non-AIDS-related malignancies: Expert consensus re‐
view and practical applications from the multidisciplinary CANCERVIH Working
Group. Ann Oncol. 2015.
[41] De Clercq E. Non-nucleoside reverse transcriptase inhibitors (NNRTIs): Past, present,
and future. Chem Biodivers. 2004; 1(1): 44-64.
[42] Joly V, Yeni P. Non-nucleoside reverse transcriptase inhibitors. Ann Med Interne.
2000; 151(4): 260-267.
[43] De Béthune MP. Non-nucleoside reverse transcriptase inhibitors (NNRTIs), their dis‐
covery, development, and use in the treatment of HIV-1 infection: A review of the
last 20 years (1989-2009). Antiviral Res. 2010; 85(1): 75-90.
[44] Weichold FF, Bryant JL, Pati S, Barabitskaya O, Gallo RC, Reitz MS Jr. HIV-1 protease
inhibitor ritonavir modulates susceptibility to apoptosis of uninfected T cells. J Hum
Virol. 1999; 2(5): 261-269.
[45] Sloand EM, Kumar PN, Kim S, Chaudhuri A, Weichold FF, Young NS. Human im‐
munodeficiency virus type 1 protease inhibitor modulates activation of peripheral
blood CD4(+) T cells and decreases their susceptibility to apoptosis in vitro and in
vivo. Blood. 1999; 94(3): 1021-1027.
Molecular Biology and Pathogenesis of Retroviruses
http://dx.doi.org/10.5772/62885
17
[46] Chavan S, Kodoth S, Pahwa R, Pahwa S. The HIV protease inhibitor Indinavir inhib‐
its cell-cycle progression in vitro in lymphocytes of HIV-infected and uninfected in‐
dividuals. Blood. 2001; 98(2): 383-389.
[47] Hazuda DJ, Felock P, Witmer M, Wolfe A, Stillmock K, Grobler JA, Espeseth A, Gab‐
ryelski L, Schleif W, Blau C, Miller MD. Inhibitors of strand transfer that prevent in‐
tegration and inhibit HIV-1 replication in cells. Science. 2000; 287(5453): 646-650.
[48] Hicks C, Gulick RM. Raltegravir: The first HIV type 1 integrase inhibitor. Clin Infect
Dis. 2009; 48(7): 931-939.
[49] Eggink D, Berkhout B, Sanders RW. Inhibition of HIV-1 by fusion inhibitors. Curr
Pharm Des. 2010; 16(33): 3716-3728.
[50] Tilton JC, Doms RW. Entry inhibitors in the treatment of HIV-1 infection. Antiviral
Res. 2010; 85(1): 91-100.
[51] Sagar V, Pilakka-Kanthikeel S, Pottathil R, Saxena SK, Nair M. Towards nanomedi‐
cines for neuro AIDS. Rev Med Virol. 2014; 24(2): 103-124.
Advances in Molecular Retrovirology18
